SWITCHING POWER CONVERSION CIRCUIT 



Field of the invention 

The present invention relates to a switching power conversion circuit and, 
more particularly, to a switching power conversion circuit, which makes use of 
5 switches having a zero crossover voltage for power switching. 
Background of the invention 

For high-efficiency switching power converter, because the whole load 
current will flow through a switch when switching, the switch has to bear a 
very high switching stress and a high switching loss proportional to the 
10 switching frequency, zero voltage switching is a very important technique. 

Besides, time-varying current and time-varying voltage caused by 
high-speed switching will result in serious electromagnetic interference (EMI). 

In order to reduce the size and weight of a converter and enhance its power 
density, it is necessary to increase its switching frequency, which will more 
15 deteriorate the drawbacks of the switching converter. If the voltage of the 
switch can be made zero at the instant of switching, the above drawbacks can 
be improved. Therefore, how to reduce the switching loss, the switching stress 
and EMI of a switching converter is a very important problem to be urgently 
solved in this industry. 
20 Fig. 1 A shows a conventional voltage-drop type resonance converter having 
zero voltage switching. This kind of converter makes use of a resonance 
capacitor in shunt with a switch to produce a zero voltage so that zero voltage 
switching can be accomplished for the switch. 

Although the above zero voltage switching technique can reduce the 



switching loss generated when switching due to zero voltage switching, the 
resonance circuit will cause a large number of tank currents, which will cause 
transmission loss in the circuit. This transmission loss will seriously affect the 
supply and transmission of power to lower the conversion efficiency of the 
5 power source. 

Accordingly, the present invention aims to provide a switching power 
conversion circuit, which not only can accomplish zero voltage switching with 
a simple circuit to lower the switching loss, but also can diminish the 
generation of tank current to greatly lower the transmission loss. 
1 0 Summary of the invention 

One object of the present invention is to provide a switching power 
conversion circuit, which makes use of a first switching inductance coil 
assembly and a second switching inductance coil assembly, which are 
magnetically coupled together, for power switching. Through the saturation 
15 effect of a saturable reactor, the terminal potential of the saturable reactor 
before switching will drop to let the terminal potential of the switch be zero. 

The various objects and advantages of the present invention will be more 
readily understood from the following detailed description when read in 
conjunction with the appended drawing, in which: 
20 Brief description of the drawings: 

Fig. 1 A shows a conventional voltage-drop type resonance converter having 
zero voltage switching; 

Fig. IB is a perspective view of the magnetic core of a conventional 
transformer; 



Fig. 2 is a diagram of a switching power conversion circuit according to a 
first embodiment of the present invention; 

Fig. 3 is an operational waveform diagram of the present invention; 

Fig. 4 is a diagram of another switching power conversion circuit according 
5 to the first embodiment of the present invention; 

Fig. 5 is a diagram of yet another switching power conversion circuit 
according to the first embodiment of the present invention; 

Fig. 6 is a diagram of further another switching power conversion circuit 
according to the first embodiment of the present invention; 
10 Fig. 7 is a diagram of a switching power conversion circuit according to a 
second embodiment of the present invention; 

Fig. 8 is a diagram of a switching power conversion circuit according to a 
third embodiment of the present invention; 

Fig. 9 is a diagram of another switching power conversion circuit according 
15 to the third embodiment of the present invention; and 

Fig. 10 is a perspective view of the magnetic core of a saturable transformer 
of the present invention. 

Detailed description of the preferred embodiments 

Please refer to Fig. 2. A first switching inductance coil assembly 11 is 
20 formed by series connecting a first switch SI and a first coil LI a. A second 
switching inductance coil assembly 13 is formed by series connecting a second 
switch S2 and a second coil Lib. A saturable load assembly 15 is formed by 
connecting a load Rl with a saturable reactor L2 via a rectifying circuit 18. The 
first coil LI a and the second coil Lib are magnetically coupled to form a 



primary inductance coil LI having a middle terminal 16 at the middle portion 
thereof. That is, this middle terminal 16 divides the primary inductance coil LI 
into the first coil LI a and the second coil Lib. The other terminal of the first 
coil Lla is a first terminal 12 of the primary inductance coil LI, and the other 
5 terminal of the second coil Lib is a second terminal 14 of the primary 
inductance coil LI. The first terminal 12 is connected to one terminal of the 
first switch SI, and the second terminal 14 is connected to one terminal of the 
second switch S2. The other terminal of the first switch SI is connected to a 
first potential VI, and the other terminal of the second switch S2 is connected 

10 to a second potential V2. The middle terminal 16 of the primary inductance coil 
LI is connected to one terminal of the saturable reactor L2. The other terminal 
of the primary inductance coil LI is connected to a reference potential GND. 
The rectifying circuit 18 is connected with two terminals of the saturable 
reactor L2 to provide power for the load Rl. The rectifying circuit 18 is 

15 composed of a first diode Dl, a second diode D2, a third capacitor C3 and a 
fourth capacitor C4. 

Please refer to Fig. 3 and also Fig. 2, The vertical axis represent the 
waveforms of SI, S2, II, 12, 13, V3, 15, 16 and 14, respectively, and the 
horizontal axis represents time. At the time from tl to t2, the first switch SI is 

20 on while the second switch S2 is off. Meanwhile, the first coil Lla will accept 
power from the first potential VI to generate the first current II. Because the 
second switch S2 is off, the second current 12 is zero. The first current II flows 
out of the middle terminal 16 to form the second current 13. Because the 
saturable reactor L2 has the characteristic of repelling abrupt increase of 



current, the fifth current 15 flowing through the saturable reactor is almost zero, 
and all the third current 13 almost flows to the rectifying circuit 1 8 to form the 
fourth current 14. After rectification of the rectifying circuit 18, the power is 
provided for the load Rl . At this time, the voltage V3 of the middle terminal 16 
5 is equal to the sum of the first potential VI and a flyback voltage of the first 
coil LI a, and the first current II, the third current 13 and the fourth current 14 
are almost the same. 

At the time from t2 to t2+, the first switch SI is still on. Meanwhile, the first 
current II, the second current 12 and the third current 13 still keep invariable. 

10 Because the saturable reactor L2 saturates at this time, all the third current 13 
will almost flow to the saturable reactor L2 so that the fifth current 15 is almost 
the same as the third current 13 and the fourth current 14 is zero. Because the 
saturable reactor L2 saturates, the potential across its two terminals, i.e., the 
voltage V3 of the middle terminal 16, will drop toward the reference potential 

15 GND. Because the first terminal 12 of the primary inductance coil LI is still at 
the first potential VI, a reverse voltage will be induced at the second terminal 
14. The reverse voltage will approach to the second potential V2 along with 
drop of the voltage of the middle terminal 16. The terminal voltage of the 
second switch S2 can thus be zeroed at t=t2+ so that the second switch S2 will 

20 be on at this time, hence accomplishing the object of zero voltage switching. 

At the time from t3 to t4, the first switch SI is off while the second switch 
S2 is on. The second coil Lib will accept power from the second potential V2 
to produce the second current 12. Because the first switch SI is off, the first 
current II is zero. The second current 12 flows through the middle terminal 16, 



and is in the reverse direction of the third current 13. Meanwhile, the saturable 
reactor L2 will quickly restore to its original state and repels abrupt increase of 
current, hence letting the fifth current 15 drop to zero. Therefore, all the third 
current 13 almost flows to through the rectifying circuit 18 to form the fourth 
5 current 14. After rectification of the rectifying circuit 18, the power is provided 
for the load RL At this time, the voltage V3 of the middle terminal 16 is equal 
to the sum of the second potential V2 and a flyback voltage of the second coil 
Lib, and the second current 12, the third current 13 and the fourth current 14 are 
almost the same. 

10 At the time from t4 to t4+, the second switch S2 is still on. Meanwhile, the 
first current II, the second current 12 and the third current 13 still keep 
invariable. Because the saturable reactor L2 saturates again at this time, all the 
third current 13 will almost flow to the saturable reactor L2 so that the fifth 
current 15 is almost the same as the third current 13 and the fourth current 14 is 

15 zero. Because the saturable reactor L2 saturates, the potential across its two 
terminals, i.e., the voltage V3 of the middle terminal 16, will drop toward the 
reference potential GND. Because the second terminal 14 of the primary 
inductance coil LI is still at the second potential V2, a reverse voltage will be 
induced at the first terminal 12. This reverse voltage will approach to the first 

20 potential VI along with drop of the voltage of the middle terminal 16. The 
terminal voltage of the first switch SI can thus be zeroed at t=t4+ so that the 
first switch SI will be on at this time, hence accomplishing the object of zero 
voltage switching. 

As stated above, when the first switch SI is on and the second switch S2 is 

6 



off, the required power of the load Rl is provided by the first potential VI and 
the flyback energy of the first coil LI a; when the first switch SI is off and the 
second switch S2 is on, the required power of the load Rl is provided by the 
second potential V2 and the flyback energy of the second coil Lib. When the 
5 saturable reactor L2 saturates, the voltage across its two terminals is zero, 
controlling the first switch SI and the second switch S2 to be on simultaneously. 
The primary inductance coil LI can thus get energy from the first potential VI 
and the second potential V2 until the switching action is finished. Moreover, 
each time when the voltage V3 of the middle terminal 16 drops toward the 
10 reference potential GND due to saturation of the saturable reactor L2, the 
terminal voltage of the opened switch will return to zero to accomplish zero 
voltage switching. 

Please refer to Fig. 4. A first transformer Tl is connected between the 
saturable reactor L2 and the rectifying circuit 18. Safe isolation of circuit can 

15 be provided by the isolation property between a primary coil and a secondary 
coil of the first transformer Tl. The fourth current 14 flows through the primary 
coil of the first transformer Tl to simultaneously induce a secondary current 16 
at the secondary coil. The ratio of this secondary current 16 to the fourth current 
14 is a coil turn N. This secondary current 16 flows through the rectifying 

20 circuit 1 8 to provide power for the load Rl . The operation waveforms are also 
shown in Fig. 3. 

Please refer to Fig. 5 and also Fig. 4. The saturable reactor L2 and the first 
transformer Tl can be replaced with a first saturable transformer T2. The 
operation waveforms are also shown in Fig. 3. 



Please refer to Fig. 6 and also Fig. 2. The positions of the switches and the 
coils in the first and second switching inductance coil assemblies are 
exchanged. The terminals of the first coil LI a include a first terminal 21 and a 
second terminal 22, and the terminals of the second coil Lib include a third 
5 terminal 23 and a fourth terminal 24. The first terminal 21 is connected to the 
first potential VI. The third terminal 23 is connected to the second potential V2. 
The second terminal 22 is connected to one terminal of the first switch SI. The 
fourth terminal 24 is connected to one terminal of the second switch S2. The 
other terminals of the first switch SI and the second switch S2 form a common 

10 contact 17 connected to one terminal of the saturable reactor L2. 

The switching actions and operation waveforms of the circuit shown in Fig. 
6 are the same as those of the circuit shown in Fig. 2. 

Please refer to Fig. 7. A first switching inductance coil assembly 11 is 
formed by series connecting a first switch SI and a first coil LI a. A second 

1 5 switching inductance coil assembly 1 3 is formed by series connecting a second 
switch S2 and a second coil Lib. A saturable load assembly 15 is formed by 
connecting a load Rl, a rectifying circuit 18, a transformer Tl and a saturable 
reactor L2. The first coil LI a and the second coil Lib are magnetically coupled 
to form a primary inductance coil LI having a middle terminal 16. That is, this 

20 middle terminal 16 divides the primary inductance coil LI into the first coil 
Lla and the second coil Lib. The other terminal of the first coil LI a is a first 
terminal 12 of the primary inductance coil LI, and the other terminal of the 
second coil Lib is a second terminal 14 of the primary inductance coil LI. The 
first terminal 12 is connected to one terminal of the first switch SI, and the 



second terminal 14 is connected to one terminal of the second switch S2. The 
other terminal of the first switch SI is connected to a first potential VI, and the 
other terminal of the second switch S2 is connected to a reference potential 
GND. The middle terminal 16 of the primary inductance coil LI is connected 
5 to one terminal of the saturable reactor L2. A first capacitor CI and a second 
capacitor C2 are added in this circuit. One terminal of the first capacitor C 1 is 
connected to the first potential VI. The other terminal of the first capacitor CI 
is connected to one terminal of the second capacitor C2 and the other terminal 
of the saturable reactor L2. The other terminal of the second capacitor C2 is 

10 connected to the reference potential GND and the second switch S2. The first 
and second switching inductance coil assemblies 11 and 13 are used for power 
switching. Through the saturation effect of the saturable reactor L2, the 
terminal potential of the switches before conduction can be zeroed. 

Please refer to Fig. 7 again. The first potential VI first charges the first and 

15 second capacitors CI and C2. Through switching of the first and second 
switches SI and S2, the energy stored on the first and second capacitors CI and 
C2 will be transferred through the first transformer Tl and the rectifying circuit 
18 to provide power for the load Rl. When the saturable reactor L2 saturates, 
the potential across its two terminals will approach zero. Meanwhile, the first 

20 switch SI and the second switch S2 are controlled to be on simultaneously. 
Because the saturable reactor L2 saturates, a zero voltage will exist across two 
terminals of the switches before switching because the potential across the two 
terminals of the saturable reactor L2 approaches zero, hence accomplishing 
zero- voltage crossover to reduce the switching loss. The saturable reactor L2 



and the first transformer Tl can be replaced with a first saturable transformer 
T2. The operation waveforms are also shown in Fig. 3. 

Please refer to Fig. 8. A second transformer T3 includes a first primary coil, 
a second primary coil, and a secondary coil. The first and second primary coils 
5 are connected to exterior via a first terminal 32, a second terminal 34 and a 
middle tap terminal 36. The secondary coil is connected to a rectifying circuit 
18. A saturable reactor L2 is connected to the first terminal 32 and the second 
terminal 34. A load Rl is connected to the rectifying circuit 18. A switching 
circuit 38 is connected to the first terminal 32 and the second terminal 34. A 

10 first switch SI is series connected with the first primary coil to form a first 
switching primary coil assembly. A second switch S2 is series connected with 
the second primary coil to form a second switching primary coil assembly. One 
terminal of a reactor L3 is connected to the middle tap terminal 36, and the 
other terminal of the reactor L3 is connected to a first potential VI. A reference 

15 potential (a zero voltage) is also provided. 

The above switching circuit 38 is used for power switching. Through the 
saturation effect of the saturable reactor L2, a zero voltage will exist across two 
terminals of the switching circuit 38 to let the first terminal 32 and the second 
terminal 34 be at a zero potential when switching. The switching circuit 38 is 

20 composed of the first switch SI and the second switch S2. One terminals of the 
first and second switches SI and S2 are series connected with the first terminal 
32 and the second terminal 34, respectively, and the other terminals of the first 
and second switches are jointly connected with the reference potential GND. 
Please refer to Fig. 8 again. When the first switch SI is on, the first potential 



VI will provide power through the second transformer T3 to the rectifying 
circuit 18 and then to the load Rl. When the saturable reactor L2 saturates, the 
voltage across its two terminals will drop to let the terminal potential of the 
second switch S2 be zero. Meanwhile, the second switch S2 is on to 
5 accomplish zero voltage switching. The saturable reactor L2 and the second 
transformer T3 can be replaced with a second saturable transformer T4. The 
operation waveforms are also shown in Fig. 3. 

Please refer to Fig. 9. A fifth capacitor C5 is connected between any one or a 
series assembly of coils of the second transformer T3. The rectifying circuit 

10 connected to the secondary coil of the second transformer T3 in Fig. 8 is 
replaced with an AC load R2. The fifth capacitor C5 can be parasite 
capacitance generate by other peripheral circuits or winding in the second 
transformer T3. The fifth capacitor C5 can resonate with the inductance of the 
second transformer T3 to tune the switching frequency of the conversion circuit. 

15 The first potential VI can provide AC power to the AC load through the second 
transformer T3. Because of the saturation effect of the saturable reactor L2, 
zero- voltage crossover can be accomplished at the first and second terminals 32 
and 34 when switching. Moreover, the tank current flowing through the fifth 
capacitor C5 will substantially be replaced by the saturation current in the 

20 saturable reactor L2 to reduce the tank current flowing through the induction 
coil of the transformer due to the saturation effect, hence effectively lowering 
the transmission loss during switching. The operation waveforms are also 
shown in Fig. 3. 

Please refer to Fig. IB. The cross-sectional area of a magnetic flux path 44 is 

n 



Ae. When the transformer is electrified, the magnetic flux will pass through the 
magnetic flux path 44 to output a voltage due to electromagnetic induction. If 
the magnetic flux is too high, saturation will occur on the magnetic flux path 44. 
This saturation effect can randomly happen at any portion of the magnetic flux 
5 path to let the transformer malfunction. 

Fig. 10 is a perspective view of the magnetic core of a saturable transformer 
of the present invention. The saturable transformer comprises a pair of side 
columns 40, a pair of shoulder columns 42, and a central column 45. Two ends 
of the pair of shoulder columns 42 are connected to two ends of the pair of side 

10 columns 40, respectively. Two ends of the central column 45 are connected to 
the pair of side columns 40 via the pair of shoulder columns 42. The 
cross-sectional area Ae at the center of the central column 45 is decreased to 
form a central cross-sectional area AO with a length of lg. The central 
cross-sectional area is smaller than the cross-sectional area at two ends. When 

15 the transformer is electrified, the magnetic flux will pass through the magnetic 
flux path 44 to output a voltage due to electromagnetic induction. If the 
magnetic flux is too high, saturation will first occur at the central 
cross-sectional portion to achieve the characteristic of a saturable reactor. The 
magnetic flux at two ends of the magnetic flux path 44 won't saturate so that 

20 the transformer will work normally. Therefore, the transformer having the 
saturable magnetic core can be used as the above saturable transformer. 

To sum up, the switching power conversion circuit of the present invention 
can let the terminal potential of a switch be zero through the saturation effect of 
a saturable reactor to reduce the switching loss. Moreover, due to the saturation 



effect of the saturable reactor, transmission loss generated during switching can 
also be effectively decreased. 

Although the present invention has been described with reference to the 
preferred embodiment thereof, it will be understood that the invention is not 
5 limited to the details thereof. Various substitutions and modifications have been 
suggested in the foregoing description, and other will occur to those of ordinary 
skill in the art. Therefore, all such substitutions and modifications are intended 
to be embraced within the scope of the invention as defined in the appended 
claims. 
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